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Electrochemical propertiesAbstract The electrochemical properties of 10-Hydroxycamptothecin were investigated systemat-
ically at a reduced graphene oxide modiﬁed glassy carbon electrode. A new pair of redox peaks of
10-Hydroxycamptothecin was reported for the ﬁrst time with quasi-reversible process driven by
adsorption. The dynamics parameters of electrode process were calculated using various
electrochemical techniques. Owing to the large surface area, good conductivity of electrochemically
reduced graphene oxide, the sensor exhibited sensitive activity for 10-Hydroxycamptothecin,
displaying a wide linear response from 1.5 · 108 mol L1 to 5.0 · 107 mol L1 and
5.0 · 107 mol L1 to 3.0 · 106 mol L1 (Fig. 8). A simple, sensitive and new voltammetric method
for the determination of 10-Hydroxycamptothecin was proposed with a determination limit of
1.5 · 108 mol L1 and recoveries were determined in the range of 94.2–104%.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
10-Hydroxycamptothecin (HCPT, Scheme 1), an important
derivative of camptothecin, has shown stronger anti-tumor
effects with fewer side effects and was found to be less toxic
in animal and in human trials compared to camptothecin
(Han, 1994). Therefore, HCPT has been widely used in the
treatment of a broad spectrum of cancers, such as colon
cancer, breast cancer and human squamous cell carcinomaemically
2 K. Li et al.of the tongue (Ping et al., 2006; Zaki et al., 2013; Chen et al.,
2013a). It can inhibit the activity of DNA topoisomerase I, and
induce human hepatoma Hep G2 cell differentiation and apop-
tosis (Hsiang et al., 1985; Zhang et al., 2000). But the mecha-
nism of its function is not clear so far. So, it is signiﬁcant to
investigate its redox properties and develop a sensitive and reli-
able analytical method for HCPT.
To date, high-performance liquid chromatography (HPLC)
(Ma et al., 2002), LC–ﬂuorescence or ion trap mass spectrome-
try (Zheng et al., 2012; Chen et al., 2013b), chemiluminescence
(Sun et al., 2011), and LC–ESI–MS/MS (Zhao et al., 2010),
were extensively used to detect HCPT. Although widely
employed and possessing excellent selectivity and high sensitiv-
ity, these methods are high-cost and consume much longer time
and labor. Nevertheless, electroanalytical technique has some
advantages of simplicity and fast. Simultaneously the technique
can give out some information about the redox mechanism and
kinetic parameters of analyte. We were aware that there were
only two reports about the determination of HCPT with elec-
trochemical method (Zhang, 2005; Sun et al., 2006). Although
they both had a low detection limit by a long time accumula-
tion, the electrochemical properties of HCPT were not studied
systematically and the redox dynamics parameters of electrode
process were absent. So, it is still signiﬁcant and necessary to
develop a simple, rapid and accurate method for the determina-
tion of HCPT and discuss its reaction mechanism.
In recent years, graphene and its derivatives have attracted
tremendous attention due to their many potential applications
in nano-materials and nanotechnology (Kawai and
Miyamoto, 2011; Xiong et al., 2014). Banks and Brownson
(2010) demonstrated that the enhanced electron transfer of gra-
phene occurs at its edge, and the presence of oxygen-containing
groups at its edges can inﬂuence the adsorption/desorption of
molecules that takes place before and after an electrochemical
reaction. Moreover graphene has been used in the preparation
of electrochemical sensor (Huang et al., 2013; Patil et al., 2014).
Owing to the unique properties of large surface area, excellent
conductivity, good chemical stability and easy fabrication, gra-
phene oxide (GO) has been the star material in a variety of
material sciences, electronic devices, sensors and electrocataly-
sis (Ai et al., 2014; Prabakaran and Pandian, 2015; Zhang et al.,
2011). The reduced graphene oxide has also been used to mod-
ify the sensor (Palanisamy et al., 2014). In this work, a sensitive
electrochemical sensor, based on the electrochemically reduced
graphene oxide directly at glassy carbon electrode surface
(ERGO/GCE) was developed and used for investigating the
properties of HCPT and establishing a new electroanalytical
method for the determination of trace amounts of HCPT.
From our investigation, a pair of new redox peaks, with
quasi-reversible process controlled by adsorption, were found
and reported for the ﬁrst time. The detail electrochemical prop-
erties of HCPT were studied systematically and the dynamics
parameters of the electrode process were calculated.
2. Experimental
2.1. Apparatus and reagents
Model CHI650 electrochemical system (Chenhua Instrument
Company, Shanghai, China) was employed for electrochemical
techniques. A standard three-electrode electrochemical cell wasPlease cite this article in press as: Li, K. et al., Study the voltammetric behavior o
reduced graphene oxide modiﬁed glassy carbon electrode. Arabian Journal of Chemused for all electrochemical experiments with a bare GCE or
modiﬁed electrode (d= 3 mm) as a working electrode, a plat-
inum (Pt) wire as an auxiliary electrode and an Ag/AgCl as a
reference electrode.
All reagents were of analytical reagent grade. 10-
Hydroxycamptothecin was purchased from Aladdin
Industrial Corporation (Qigang Rd, Fengxian, Shanghai).
Graphite powder was purchased from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). Double distilled water
was used for all preparations. A stock solution of HCPT
(1.0 · 103 mol L1) was prepared with ethanol and stored at
4 C darkly. Dilutions were done just before use. Phosphate
buffer solution (PBS, pH 2.0) was used as the supporting elec-
trolyte for cyclic voltammetry (CV) and liner sweep voltamme-
try (LSV). Each assay was performed at room temperature.
2.2. Synthesis of graphene oxide
Firstly, the graphene oxide was prepared from natural graphite
powder according to the literature (Prabakaran and Pandian,
2015) with a little modiﬁcation. Then, exfoliation of graphite
oxide to GO was achieved by ultrasonication of the dispersion
for 40 min (1000 W, 20 lm amplitude) according to a previous
report with a slight modiﬁcation (Wang et al., 2009). A homoge-
neous aqueous dispersion of GO (1.2 mg mL1) was obtained.
2.3. Electrode pretreatment and ERGO-modiﬁed procedure
Prior to modiﬁcation, the GCE was polished with ﬁner emery
paper and 0.1 lm alumina slurry to get a mirror surface, and
successively rinsed thoroughly with acetone, ethanol, and dis-
tilled water in an ultrasonic bath respectively, each for 1 min.
The GO/GCE was established by depositing the above –
composition (6 lL, 1.2 mg mL1 GO solution) on a fresh
GCE surface using a micro-injector, and then the solvent
was evaporating for 15 min naturally. The ERGO/GCE was
obtained by treating GO/GCE in a 0.1 mol L1 deoxygenized
phosphate buffer solution (PBS, pH 7.0). The cyclic voltamme-
try was performed within potential window between 0 V and
1.5 V for 10 cycles with a scan rate of 0.1 V s1. When not
used, the ERGO/GCE was stored darkly under 4 C.
2.4. Analytical procedure
The quantitative analysis of HCPT was carried out in PBS buf-
fer solution (pH 2.0) at room temperature unless otherwise
speciﬁed. Then, ERGO/GCE was placed into the test solution
and the cyclic voltammetry (CV) or linear sweep voltammetry
(LSV) was performed. In determination, an accumulation step
was performed under open circuit along with solution stirring
for 180 s. After each determination, the ERGO/GCE went for
successive one cycle between 0.1 and 1.3 V in 0.1 mol L1
PBS (pH 8.0) to give a regenerated electrode surface.
3. Results and discussion
3.1. Electrochemical properties of ERGO/GCE
In general, K3[Fe(CN)6] is used as an electrochemical probe to
investigate the properties of the pretreated electrode surface.f 10-Hydroxycamptothecin and its sensitive determination at electrochemically
istry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.05.014
Scheme 1 The chemical structure of HCPT.
Figure 2 Nyquist plots of [Fe(CN)6]
3/4– (5.0 · 103 mol L1)
containing 0.1 mol L1 KCl at bare GCE (a), GO/GCE (b)
and ERGO/GCE (c). EIS condition: frequency range:
100 kHz–0.01 Hz; perturbation amplitude: 5 mV; the inset are
the equivalent circuit and the zoomed image of the curves a and c.
Study the voltammetric behavior of 10-Hydroxycamptothecin and its sensitive determination 3Here, we used it as the proof to characterize the ERGO/GCE
by cyclic voltammetry (CV) and electrochemical impedance
spectroscopy (EIS), respectively. Fig. 1 shows the cyclic
voltammograms of K3[Fe(CN)6] (1.0 · 103 mol L1 solution
containing 0.1 mol L1 KCl) at bare GCE (curve a),
GO/GCE (curve b) and ERGO/GCE (curve c) respectively.
Well-deﬁned CV, characteristic of a diffusion-limited and
reversible electron transfer redox process, was observed at
the bare GCE (DEp = 70 mV). When the electrode was coated
with GO, both the redox peak currents and the quasi-
reversibility (DEp = 115 mV) of Fe(CN)6
3 were decreased,
which could be attributed to the negatively charged oxygen-
containing groups from GO, blocking the diffusion of
Fe(CN)6
3 from solution to the electrode surface.
Nevertheless, after GO was electrochemically reduced, the
redox peak current increased signiﬁcantly compared with bare
GCE and DEp = 68 mV, indicating that ERGO can effectively
increase the electron transfer rate of Fe(CN)6
3 due to its elec-
tric conductivity and the increase of electrode surface area.
Fig. 2 presents the Nyquist diagrams of the GCE (curve a),
GO/GCE (curve b) and ERGO/GCE (curve c) in
5.0 · 103 mol L1 Fe(CN)63/4 (1:1) containing 0.1 mol L1
KCl. It can be seen that a small well-deﬁned semi-circle at
higher frequencies was obtained at the bare GCE. This indi-
cated that a small interface electron resistance (Rct) was
existed. When GO was deposited on the GCE surface, the
Rct increased obviously. This phenomenon could be attributed
to the GO ﬁlm itself, and it indicated that a resistance into the
electrode/solution system was existed. However, the Rct
decreased remarkably after GO was electrochemically reducedFigure 1 Cyclic voltammograms of [Fe(CN)6]
3 (1.0 ·
103 mol L1) containing 0.1 mol L1 KCl at bare GCE (a), GO/
GCE (b) and ERGO/GCE (c) with a scan rate v= 0.1 V s1.
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of ERGO. In further research, an equivalent circuit was
designed (insert of Fig. 2), and the Rct obtained were about
25.38 X, 219.8 X, and 12.87 X for the GCE, GO/GCE and
ERGO/GCE, respectively. This result also demonstrated that
the GO was successfully reduced on the GCE surface just as
designed.
3.2. Electrochemical behavior of HCPT at ERGO/GCE
Fig. 3 illustrated the cyclic voltammograms (CVs) of HCPT
(3.0 · 106 mol L1) obtained at the bare GCE (curve a),
GO/GCE (curve b), and ERGO/GCE (curve c) in
0.1 mol L1 PBS (pH 2.0). In order to explain all phenomena
thoroughly, each scan was performed 2 cycles and the enlarged
curves a and b were shown as inset in Fig. 3. HCPT showed
electrochemical activation at all these three electrodes. At theFigure 3 Cyclic voltammograms of HCPT (3.0 · 106 mol L1)
at bare GCE (a), GO/GCE (b) and ERGO/GCE (c); Inset: the
zoomed image of the curves a and b. Supporting electrolyte:
0.1 mol L1 PBS (pH 2.0); Scan rate: 0.1 V s1.
f 10-Hydroxycamptothecin and its sensitive determination at electrochemically
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4 K. Li et al.bare GCE and GO/GCE, weak electrochemical reactivity
could be discerned (Fig. 3, curve a, b). At the ERGO/GCE,
a sensitive anodic peak at 0.986 V (P1) and a cathodic peak
at 0.311 V (P2) were presented in the 1st cycle. In the 2nd cycle,
a new anodic peak at 0.345 V (P3) was appeared and the P1
was disappeared. The P2 was no change. From these experi-
mental data, we preliminary estimated that the P2 and P3 were
a pair of redox peaks and its active group came from the pro-
duct of P1 oxidation. The P1 was an irreversible anodic peak.
The electrochemical properties of HCPT obtained at the
ERGO/GCE were very different from the previous reports
(Zhang, 2005; Sun et al., 2006). In these two studies, there
was only one anodic peak appearance, which should be the
P1 in this study.
To further investigate the electrochemical properties of
HCPT in detail, the scan potential window was controlled
within different ranges to observe the electrode response of
HCPT. Firstly, when the potential window was controlled
between 0.1 V and 0.65 V for 4 cyclic scans, there was no
any redox peak appearance (Fig. 4A). Secondly, when the
potential window was set between 0.65 V and 1.3 V for 4 cyclic
scans, the P1 was observed in the ﬁrst cycle and then no any
peak was obtained (Fig. 4B). Thirdly, when the potential win-
dow was controlled between 1.3 V and 0.1 V, the initial
potential was set at 0.65 V going negatively for 4 cycles
(Fig. 4C). Just as expected, the P2 was not observed in the ﬁrst
cycle and the three peaks were obtained just as the curve c in
Fig. 3. Finally, successive 4 cyclic scans were performed
between 0.1 V and 1.3 V (Fig. 4D). The P1 disappeared afterFigure 4 Voltammograms of HCPT within different potential windo
(C) and (D) between 0.1 V and 1.3 V. Other conditions were the sam
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P3 almost kept unchanged in the next 3 cycles. These data
demonstrated the above conjecture. That is, the P2 and P3
were a pair of redox peaks and its active group came from
the product of P1 oxidation.
3.3. Effect of pH and scan rate
To further elucidate the electrode reaction of HCPT at the
ERGO/GCE, the inﬂuence of solution pH and scan rate (v)
were investigated by CV. The data of P1 were obtained from
the ﬁrst cycle and P2 and P3 were from the second cycle.
Fig. 5A displays CVs of HCPT (3.0 · 106 mol L1) in
0.1 mol L1 PBS with different pHs, ranging from 2.0 to 6.0.
The peak potentials of P1, P2 and P3 shifted negatively with
increasing pH. Plots of peak potentials versus solution pH
were found to be linear over the pH range of 2.0–6.0. And
the linear regression equations were: EP1 (V) = 0.0365pH+
1.065 (R= 0.9949), EP2 (V) = 0.0553pH + 0.424 (R=
0.9982), EP3 (V) =0.0547pH+ 0.463 (R=0.992) (Fig. 5B).
From the slope of 0.0365 V pH (P1), we knew that the pro-
cess of P1 involved proton and electron in a ratio of 1:2. And
the slope of 0.0553 V pH1 (P2) and 0.0547 V pH1 (P3)
was close to the Nernst slope of 0.059 V pH1 at 25 C. This
result indicated that there were equal number of proton and
electron taking part in the redox of P2 and P3.
It was also observed that the peak current of HCPT at the
ERGO/GCE decreased along with the increase of pH from 2.0
to 6.0. In particular in pH 6.0, the electrochemical response ofw. (A) Between 0.1 V and 0.65 V; (B) between 0.65 V and 1.3 V;
e as in Fig. 3.
f 10-Hydroxycamptothecin and its sensitive determination at electrochemically
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Figure 5 (A) The cyclic voltammograms of HCPT (3.0 · 106 mol L1) with different pH PBS (curves a to i: 2.0, 2.5, 3.0, 3.5, 4.0, 4.5,
5.0, 5.5, 6.0). (B) pH-dependences of peak potential (a was for P1, b was for P2, c was for P3). pH of PBS. Other conditions were same as
in Fig. 3.
Study the voltammetric behavior of 10-Hydroxycamptothecin and its sensitive determination 5HCPT was very small. Hence, pH 2.0 of PBS was chosen as the
optimum solution in further analyses.
The effect of scan rate on the redox of HCPT at the
ERGO/GCE was investigated and voltammograms were
shown in Fig. 6A. Likewise, every CV scan was cycled twice.
With the scan rate increasing, the currents of three peaks
increased and the peak potential of P1 and P3 shifted posi-
tively and P2 shifted negatively. For the P1, a good linear rela-
tion between peak currents and scan rates could be described
by the following equation: ip1 = 8.629v  129.13 (ip1 in lA,
v in V s1, R= 0.9978), suggesting that the anodic peak P1
was controlled by adsorption. Meanwhile, a good linear rela-
tionship was exhibited between peak potential (Ep1) and lnv
(Fig. 6B): Ep1 = 0.0302lnv+ 1.0579 (Ep1 in V, v in V s
1,
R= 0.9999). According to Laviron theory (Laviron, 1979)
for an irreversible process, following equation exists:
EPðVÞ ¼ E00  RTanF ln
RTks
anF
þ RT
anF
ln m ð1Þ
where E00 is the formal standard potential and ks is the stan-
dard heterogeneous reaction rate constant; n is the transfer
electron number; a refers to charge transfer coefﬁcient; v, R,
T and F have their usual meanings. From the slope of Ep1 ver-
sus lnv, n = 2 could be achieved by assuming of a= 0.5. The
P1 results indicated that two electrons were involved in theFigure 6 (A) The voltammograms of HCPT with different scan rates
The relationship between Ep1 and lnv.
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and the heterogeneous electron transfer rate constant
(ks = 0.83 s
1) could be calculated based on the above men-
tioned equation. The formal standard potential (Ep1 =
0.9464 V) was calculated from another linear relation of
Ep1–v by extrapolating v= 0.
For P2 and P3, the peak shapes were roughly symmetrical
at relatively slow scan rates. When the scan rates were
increased from 20 to 200 mV s1, the peak potentials of P2
and P3 (Ep2, and Ep3) were shifted slightly and the peak-to-
peak separation (DEp) was augmented from 16 to 57 mV s
1.
The small DEp separation values indicated a fast electron
transfer rate. At the same time, the peak currents of ip2 and
ip3 were proportional to the scan rates with linear regression
equations of ip2 = 7.228v+ 65.90 (ip2 in lA, v in V s
1,
R= 0.9906) and ip3 = 5.553v  54.216 (ip3 in lA, v in
V s1, R= 0.9921), indicating the electrode process driven
by adsorption. A quasi-reversible adsorbed system should
satisfy the following equation:
ip ¼ n
2F2mAC
4RT
¼ nFQm
4RT
ð2Þ
where Q is the peak area of the single CV process. From this
theory, the electron transfer number n contained in P2 and
P3 redox can also be calculated to be 2. In addition, the(from inner to outer): 0.02, 0.04, 0.06, 0.08, 0.1, 0.15, 0.2 V s1. (B)
f 10-Hydroxycamptothecin and its sensitive determination at electrochemically
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6 K. Li et al.heterogeneous electron transfer rate constant ks was 0.65 s
1.
According to the data obtained above, one can conclude that
the electrode reaction of HCPT on ERGO/GCE is a two-
electron and one-proton irreversible electro-oxidation process
for P1 and a two-electron and two-proton quasi-reversible
redox process for P2 and P3.
3.4. Chronocoulometry studies
For an adsorption controlled electrode process, it is necessary
to calculate the saturated adsorptive capacity (Cmax) of
electroactive substance at the electrode surface. Then, multi-
potential step chronoamperometry was employed and poten-
tials steps were performed from 0.65 V to 1.3 V (ﬁrst step),
1.3 V to 0.1 V (second step) and 0.1 V to 0.65 V (third
step). Two experiments were carried out in 0.1 mol L1 PBS
(pH 2.0) with absence and presence of 2.0 · 105 mol L1
HCPT, respectively. Fig. 7A shows the Q–t curves with
HCPT presence (a, b and c) and absence (a0, b0 and c0). The
markers a, b and c correspond with P1, P2 and P3 in Fig. 3.
The corresponding Q–t1/2 curves were obtained and displayed
in Fig. 7B–D. At the ﬁrst step (0.65–1.3 V), the corresponding
Q–t1/2 plots of curves a0 and a were calculated with the linear
equations of Q(104 C) = 0.825t1/2 + 0.6267 (R= 1.000)
and Q(104 C) = 0.86t1/2 + 1.047 (R= 1.000), respectively
(Fig. 7B). A bigger intercept difference and same slope were
obtained between a and a0, which further meant that the oxida-
tion of HCPT at P1 was controlled by adsorption. According
to the formula given by Anson (1964),Figure 7 (A) Chronocoulometric curves obtained at the ERGO/G
(2.0 · 105 mol L1). (B–D) The dependency of charge Q (104) versu
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1=2
p1=2
þQdl þQads ð3Þ
where Qdl is the double-layer charge, Qads is the Faradaic
charge coming from the adsorbed analyte, A is the active area
of working electrode, C is a concentration of substrate, and D
is a diffusion coefﬁcient. Other symbols have their usual mean-
ings. The Qads (the difference of the two intercepts) was caused
by the adsorbed HCPT and the value was calculated to be
4.21 · 105 C. Using Laviron’s theory of Q= nFAC*, the C*
value of HCPT was 3.068 · 109 mol cm2 at ERGO/GCE.
For the next two steps from 1.3 to 0.1 V and from 0.1 to
0.65 V, the corresponding Q–t1/2 curves were plotted in
Fig. 7C and D. Obviously, the two slope values of the
Q–t1/2 (b, b0) plots were equal, which was an additional evi-
dence for an total adsorption-driven electrode process. So
same as Fig. 7D (c, c0), which was an total adsorption-
driven electrode process. According to the formula mentioned
above, saturated adsorption capacity values of 3.474 · 109
mol cm2 and 6.656 · 109 mol cm2 were calculated for the
oxidative and reductive HCPT, respectively.
3.5. Calibration curve and determination limit of HCPT at
ERGO/GCE
Here, calibration curve was achieved by linear sweep voltam-
metry and the potential was going from 0.65 V to 1.3 V with
a scan rate of 0.05 V s1. In this way, only the P1 was appeared
and it was used as the detect signal. The LSV curves wereCE in the presence (a, b, c) and absence (a0, b0, c0) of HCPT
s t1/2, corresponding data were derived from (A).
f 10-Hydroxycamptothecin and its sensitive determination at electrochemically
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Figure 8 The LSV curves of HCPT with different concentrations (from a to g): 1.5 · 108, 8 · 108, 2.0 · 107, 4.0 · 107, 1.0 · 106,
2.0 · 106, 3.0 · 106 mol L1. (B) Calibration plot of peak current versus HCPT concentrations. Scan rate: 0.05 V s1.
Figure 9 LSV curves obtained at the ERGO/GCE in analytical
urine sample with adding different HCPT concentrations (from
inner to outer): 0, 3.0 · 107, 1.0 · 106, 2.0 · 106 mol L1. Scan
rate: 0.05 V s1.
Study the voltammetric behavior of 10-Hydroxycamptothecin and its sensitive determination 7shown in Fig 8A. It was found that the anodic peak currents
were two linear responses with HCPT concentrations. One is
from 1.5 · 108 mol L1 to 5.0 · 107 mol L1 with the regres-
sion equation of ip (10
6 A) = 1.187 + 9.669C(106 mol L1)
(R= 0.9976) and the other is from 5.0 · 107 mol L1 to
3.0 · 106 mol L1 with the regression equation of ip
(106 A) = 4.92 + 2.293C(106 mol L1) (R= 0.9992),
respectively. It was obvious that the slope of the latter was
smaller, which could be ascribed to a decrease of the accumu-
lation efﬁciency. Based on the ﬁrst linear range, a determina-
tion limit of 1.5 · 108 mol L1 was obtained.Table 1 Standard addition recovery experiment of HCPT in the ur
Sample Added
(103 L)
Original found
(·106 mol L1)
Standard added
(·106 mol L1)
0.3
Urine 0.1 – 1.0
2.0
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The reproducibility and stability of the proposed sensor were
evaluated using LSV in a 1.0 · 106 mol L1 HCPT solution.
Five ERGO/GCEs were fabricated in parallel and then their
responses were detected with a detected relative standard devi-
ation (RSD) of 5.3%. Meanwhile, 10 interval measurements
were carried out using one ERGO/GCE under optimal condi-
tions. The obtained RSD was about 4.2%, which demon-
strated good reproducibility of the present sensor. Five
measurements were carried out on a new electrode surface
using one electrode and the obtained RSD was about 3.9%.
This suggested that the proposed sensor had a good repeatabil-
ity. To estimate the stability of the sensor, one ERGO/GCE
was stored for one week, and it maintained about 93.2% of
its initial response for a same HCPT solution. It demonstrated
that this sensor had good long-term storage stability.
The interference of some normal anions and cations and
some organic compounds was investigated in the presence of
1.0 · 106 mol L1 HCPT. The results suggested that 100-
fold concentration of Cu2+, Zn2+, Fe2+, Mg2+, K+ had no
inﬂuence on the signals of HCPT with deviations below 5%.
50-fold glucose, starch, uric acid, ascorbic acid also showed
no inﬂuence. In short, the interference effects of the studied
compounds were negligible, which clearly proved the reason-
able selectivity for the proposed method.
3.7. Standard addition recovery experiment of HCPT in the
urine sample
In order to evaluate the applicability of the present method for
the determination of HCPT in real sample, fresh human urine
samples were obtained from volunteer who had not takenine sample.
Total found
(·106 mol L1)
R.S.D (%,
n= 5)
Recovery
0.28 3.2 94.2
1.04 3.4 104
2.04 4.1 102
f 10-Hydroxycamptothecin and its sensitive determination at electrochemically
istry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.05.014
8 K. Li et al.HCPT and collected in sterile bottles to avoid contaminating
stored. The samples were centrifuged for 10 min (3000 rpm)
to remove some proteins and then part of supernatant was
diluted 100 times with 0.1 M PBS (pH 2.0) as a determining
solution. The LSV was used for the standard addition recovery
experiment (Fig. 9). Sweeping in this analytical solution, no
anodic peak of HCPT was emerging. That is, no HCPT con-
tains in health human urine sample and no interference exists
also. By adding a deﬁned concentration of HCPT to the detect
sample solution, recoveries were determined in the range of
94.2–104% (Table 1), which clearly indicated the applicability
and reliability of the proposed method.
4. Conclusion
In conclusion, a sensitive sensor, ERGO/GCE was fabricated
and the detail electrochemical properties of HCPT were stud-
ied systematically. A new pair of redox peaks was found for
the ﬁrst time with quasi-reversible driven by adsorption and
some dynamic parameters of electrode process were calculated.
Meanwhile, the sensor exhibited sensitive determination for
10-Hydroxycamptothecin with a low determination limit
(1.5 · 108 mol L1). The present method also could be
applied to determine HCPT in urine sample with satisfactory
recoveries.
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